1. Introduction. The purpose of this paper is to provide a sufficient geometric condition in order for a link group to be mapped homomorphically onto a free group of rank r g JU, where /x is the number of components of the link. Applying this together with a construction of L. Neuwirth [3] , we obtain an extension of two results in [3] concerning free subgroups of link groups and solvability of link groups.
2. Group presentations. By a surface S of type (p, /z, r) we shall mean the disjoint union in S z of r tame, orientable, compact, connected 2-manifolds, each with nonempty boundary, where ix is the number of boundary components, and p is the sum of the genera of the components of 5. R. H. Fox describes in [l] a method of obtaining for any surface of type (p, 1, 1) a model S of the same embedding type which consists of a 2-cell with a number of bands attached which may be made to "lie flat" so that only one side of 5 is visible. This method may also be applied to a surface of type (p, /J, 1) and hence to a surface of type (p, /*, r), progressing componentwise.
If LQS Z is a link with fx components and 5 is a surface of type (py M» 0 with boundary L, then a flat model of 5 determines a regular projection of L from which we obtain an over presentation [2] of 7Ti(5 3 -L). Also, we can get a presentation
, where each %i circles a band just once, and the relators occur where the bands cross each other. Each Zi has the form x^x^. Consider first the case where r = l. In the regular projection of L obtained from the flat model of 5, the crossing points of L occur where the bands of S cross each other, so they occur in fours (see Figure 1) .
By reading relations around these crossings, we obtain x ai = x Cl and Xd -x e . Since adjacent bands are joined along the boundary of the 2-cell (Figure 2) , it follows that x^ -Xh^x^, so that Xa\ -Xd* Hence Otherwise, consider Figure 1 where one band lies on one component of 5, and the other band on another component, (At all crossings which involve only one component of 5, we get all the xfs around these four crossings equal as above, and so all the r/s obtained at these four crossings become trivial.) We still get (as above) that X&i "~-Xci and Xd^Xe. Now x e appears and only appears in the four relators obtained at the four crossings shown; these relators are the same, viz., PROOF. It suffices to show that G contains a free group of rank à 2. If L bounds a surface of type (p, /x, r) where r ^ 2, then by Theorem 1, G can be mapped homomorphically onto F ry and hence G contains a free group of rank r^2. Now suppose L bounds no disconnected surface, and let S be a surface of type (p 0i /*, 1) with boundary L. We may now construct the covering space of S z -L corresponding to N(H) just as done in [3] . Thus TTI(S)CG; and rank TTI(5) = rank Hi(S) = 1 -x(S) = /* + 2p 0 -1 è 2, where x(5) is the Euler characteristic of 5. Since 7Ti(5) is free, the first part of the theorem follows.
